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Introduction
The spontaneous leakage of oil and gas is recorded as oil slicks on the surface of water bodies, is a prime indication of an active petroleum system in the host basin (Aminzadeh et al., 2013; Orange et al., 2009) . Since the beginning of modern petroleum exploitation, cold seepage has been regularly used to support efficacious exploration and to recover information on the associated hydrocarbons occurring in deep reservoirs (e.g. Vis, 2017) . Remote-sensing is increasingly used to identify spontaneous petroleum seepage on land and offshore (MacDonald et al., 2015) , and to differentiate and track anthropogenic -oil spills (Hu et al., 2011; MacDonald et al., 2015) . Satellite Synthetic Aperture Radar (SAR) images have demonstrated their efficiency in detecting offshore natural hydrocarbon seepage (Espedal and Twahl, 1999; Garcia-Pineda et al., 2010; Wang et al., 2013) and in supporting the quantification and description of frequency and rates of oil leakage at both regional and local scales (Jatiault et al., 2017; Körber et al., 2014; MacDonald et al., 1996; Vis, 2017) .
Spontaneous oil seepage drove the initial phases of petroleum exploration in East Africa at the beginning of the 20 th century and rift lakes are recognized for petroleum prospectivity (Roberts et al., 2015; Scholz and Rosendahl, 1990; Talbot, 1988) . A prime example is the Albertine Graben, where diffused oil seeps and slicks are the surficial manifestation of the significant oil reserves hosted in the subsurface of Lake Albert (Van Dort et al., 2010) . Lake Tanganyika is one of the major East African Rift lakes. Despite the absence of commercially-significant oil discoveries within its basin so far, it hosts significant oil seeps in comparison with other East African lakes: the Cape Kalumba seeps (e.g. Simoneit et al., 2000) . These seeps are located 3-4 km offshore of Cape Kalumba in the southern Ubwari Peninsula (Fig. 1) . The seeps were first described at the end of 19 th century by Nicolas (1898) who documented the expulsion of asphalt and bursting steam jets in the open water of the lake. More recent observations documented active bubbling of gaseous and liquid hydrocarbons on the lake surface (Simoneit et al., 2000) . The seeping oil forms slicks on the lake and is transported along the coast by surface currents, commonly accumulating as tar balls on the coastline of Ubwari Peninsula (J. .
The oil geochemistry of Cape Kalumba seeps has been described in various scientific publications. However, the rates of oil emission and the subsurface setting associated with hydrocarbon origin and migration have never been investigated. This work analyses multi-temporal SAR scenes acquired in the area offshore Cape Kalumba to document and describe the spatiotemporal evolution of the slicks and the related emission points. Interpretation of legacy seismic data allows the correlation of seeps expression on lake surface with their possible emission points on the lake bed, and the recognition of the structural and/or stratigraphic controls governing the hydrocarbons migration and emission. The characterization of the oil seepage rates and of the geological setting offshore Cape Kalumba provides further elements to better understand the generation and migration of oil associated with the hydrothermal systems in the East African Rift lakes.
Geological setting
Major lacustrine basins formed as consequence of the evolution of the western branch of the East African Rift (EAR). Lake Tanganyika is the largest and deepest of Africa's rift lakes, with a N-S length of 650 km and maximum depth of 1470 m (Coulter, 1991) . The present-day lake setting is governed by the interplay of faults belonging to the principal structural trends of the EAR system (Rosendahl et al., 1986; Sander and Rosendahl, 1989) . Since the Miocene, the sedimentary basin occupied by Lake Tanganyika has developed asynchronously as three, eventually-connected, basins: the central, northern and southern basins beginning at ca. 12 Ma, 7-8 Ma and 2 Ma, respectively (Cohen et al., 1997 (Cohen et al., , 1993 Lezzar et al., 1996) . These three basins are further divided into seven asymmetric sub-basins that are delineated by half-graben structures, of which the main bounding faults alternate on the east and west margins of Lake Tanganyika (Burgess et al., 1988; Sander and Rosendahl, 1989) . Throw on the bounding faults is up to 8 km, and the faults are responsible for the deposition of a more than 4 km-thick sedimentary column in the lake depocenters (Burgess et al., 1988; Rosendahl et al., 1986) .
Proterozoic lineaments that have been reactivated during recent rifting control the emplacement of sub-lacustrine hydrothermal seeps that are documented in the NW sector of Lake Tanganyika, at Pemba (Bujumbura Sub-basin) and Cape Banza (Rumonge Sub-basin) (Pflumio et al., 1994) (Fig. 1) . In Pemba, hot water is vaporised in the subsurface and mixed with the lake water in the shallow subsurface. Otherwise, the hydrothermal activity at Cape Banza is characterised by the emission of lake water that has been exposed to high temperatures when in contact with basement rocks and that later migrated through a network of fractures and pipes within the subsurface (J. . Despite the fact that Lake Tanganyika has not experienced volcanism within close proximity, it is likely that the hydrothermal manifestations originated due to shallow intrusions of magmatic bodies, which have been interpreted as the possible initial stage of development of a new volcanic province forming in this area of the EAR (Coussement et al., 1994) .
Materials and Method
Satellite images of offshore Cape Kalumba, covering the timespan from 2002 to 2006, are from the Global Offshore Seepage Database (GOSD) assembled by CGG | NPA Satellite Mapping. One or more satellite scenes imaged oil slicks during each considered year. "Side-looking" Synthetic Aperture Radar (SAR) images were acquired by four C-band SAR satellites (ERS-2, Envisat, Radarsat-1 and Radarsat-2), integrated by non-routine data collected by X-and L-band satellites (ALOS PALSAR, TerraSAR-X, TanDEM-X, COSMO-SkyMed). We used two additional Google Earth historical images to enhance the time coverage of GOSD data in the years 2008 and 2009 (Fig.  2) .
In the subaqueous environment, hydrocarbons commonly migrate vertically through the water column as gas bubbles coated with an oil film or as distinct oil drops (Garcia-Pineda et al., 2010; Johansen et al., 2017; Mazumder and Saha, 2004; NPA, 2013) . The continuous emission of oil produces coalescent slicks on the water surface that are transported by currents and winds. The viscoelastic properties of oil films are responsible for dampening the water surficial wavelets making the slicks detectable by satellite sensors (Garcia-Pineda et al., 2010; Mazumder and Saha, 2004; McCandless and Jackson, 2004) .
Resolution of SAR images varies depending on the technical specifications of satellite sensors and processors. Image resolution is ca. 20-30 m, although image data are normally re-sampled to a uniform pixel size of 12.5 m (156 m 2 ) by CGG | NPA. At least four pixels are needed to recognise a pattern thus, slicks shorter than ca. 60 m are usually not recorded. Numerous oceanographic features generate effects that can be detected on SAR imagery. Natural features such as shallow water topography, biogenic natural films from plankton/algae and wind shadow effects can all create regions of sea surface slicking. In addition to those features there are additional artificial oil-based pollutants from shipping, industry and hydrocarbons exploration which further act to obfuscate signs of natural oil seepage slicks under SAR. Whilst much effort has been placed into automated methods for natural seepage slick detection (Suresh et al., 2015) , these often run afoul of misclassification and false positives within the variety of sources of sea surface slicking and the diverse range of morphologies these can generate on the imagery. At present, manual identification of seepage from SAR imagery acquired over multiple dates is the most reliable method of classifying the sources of slicks observed from SAR. The recognition and interpretation of the slicks on SAR images has been performed by CGG | NPA. A qualitative approach was taken to slick classification based on the observed morphologies of the slicks, with categorisation in three groups according to their origin: oil seepages, oil pollution and non-oil natural films (Fig. 3) . Slicks have been ranked S1 to S3 in descending interpretation confidence level, where S1 slicks are usually associated with intense, persistent oil seepage that produces long and narrow slicks with sharp edges (Figs. 4a,b ). S2 and S3 slicks are still spatially well-defined but have progressively less distinguishing features. Oil pollution slicks are thicker than natural seepage and occur in two categories, P1 (fresh pollution) and P2 (remnant pollution). Unassigned (UA) and Priority Unassigned (PU) are further slick categories, which have ambiguous characteristics that cannot be conclusively differentiated as pollution or seepage based only on satellite data. PU, where oil surfactant is more probable, keeps some characteristics that are more indicative of possible oil seepage with respect to UA slicks.
The availability of accessible seismic data the NW Lake Tanganyika is limited, and when present, it has relatively large lines spacing. We used the legacy seismic line 256 acquired by the PROBE project of Duke University to reconstruct the local subsurface setting below the Cape Kalumba oil slicks. This line runs along a NW-SE direction for a total length of circa 20 km from Cape Kalumba to the lake center (Fig.1) . The reflection seismic line 256 is a 24-fold stacked, unmigrated time section penetrating the first 6 seconds of the subsurface (Scholz and Rosendahl, 1990 ). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 
Results
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
Oil slicks characteristics
Satellite images acquired between 2002 and 2009 give time-lapse evidence for the persistence of slicks and variations in their dispersion. The occurrence of 25 individual oil slicks that spread over a lake area of ca. 550 km 2 is documented. Single slicks typically form stripes up to 25,6 km long with individual areas up to 15.7 km 2 (Tab. 1). The wider slicks are oriented NW-SE and NE-SW, while small linear slicks mostly trend E-W and N-S (Fig. 5 ). All the slicks are natural oil seepage, but the northernmost linear slicks (PU and UA in Figure 5 ) cannot be classified based on satellite imagery alone.
Oil slick origin (OSO) (Garcia-Pineda et al., 2010) points are readily recognized in a constrained area ca. 4 km southeast of Cape Kalumba (Fig. 5) , which is temporally and spatially consistent in the time lapse series ( (Fig. 6b,e) . Unequivocal correlation between slicks and their respective OSOs is straightforward on the SAR images. Small linear slicks are generated by single OSOs that are usually located at their most proximal detectable end. Major slicks typically originate from clusters of closely-spaced OSOs that identify discrete minor slicks, which coalesce progressively moving away from the emission points; eventually they form a single large slick. Most OSOs cluster into a well-defined area SE of Cape Kalumba, suggesting that this is the focus of seepage on the lake floor (Fig. 5 ).
Subsurface setting
In the absence of direct observation of the lake floor, to constrain the hydrocarbon fluid subsurface migration paths and to estimate the location of seeps, we used a PROBE Project reflection seismic line, which is oriented NW-SE and transects the area where OSOs occur (Fig. 7) . Unfortunately, no borehole data are available in Lake Tanganyika to enable stratigraphic calibration.
The Lake Tanganyika sedimentary infill accumulates above the top of pre-rift basement (Nyasa Event surface, Fig. 7 ) (Burgess et al., 1988; . In the Cape Kalumba area, the syn-rift infill can be divided into lower and upper stratigraphic sequences, which are separated by a major unconformity (Kigoma-Makara Sequence Boundary of , KMSB) that marks significant fluctuations in the lake level (Lezzar et al., 2002; Sander and Rosendahl, 1989; Scholz and Rosendahl, 1988) .
The Makara Sequence is the lower sedimentary interval and has a general homogeneous thickness in the central to SE sector, and progressively thins moving northwestward in the area adjacent to the East Ubwari Faults system (Fig. 7) . The Makara units show abrupt lateral variations in thickness within short distances evidencing the structural control during the sediment deposition. The Kigoma Sequence lies stratigraphically above the Makara Sequence, with the two sedimentary intervals separated by the KMSB. The occurrence of a small depocentre proximal to the East Ubwari Faults system indicates that these structures controlled the local sediment accumulation during the deposition of Kigoma units. Indeed, the two main depocenters of the Kigoma Sub-basin are located south of the Ubwari Peninsula (Sander and Rosendahl, 1989) .
Local tectonic setting is responsible for displacing the basement and for the resulting formation of large tilted fault blocks (Fig. 7) . Similar rifting-related structures, such as horsts and down-thrown closures against the major basin bounding faults, have been documented in other areas of the Lake Tanganyika basin and represent potential hydrocarbon plays (Roberts et al., 2015) . Within the halfgraben basin the tectonic structures cutting the Makara and lower units do not propagate into the overlying Kigoma but rather, they stop in correspondence of the KMSB. A single fault branches and propagates into the Kigoma Sequence, terminating close to the lake floor. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Northwest of the Ubwari channel, the stratal geometry indicates the strike-slip nature of the main faults. These faults are responsible for the lateral displacement of the succession, as has been documented in other parts of the basin (Sander and Rosendahl, 1989) . Normal faulting is documented both in the area further offshore and in the area near to the East Ubwari Faults system.
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Discussion
Hydrothermal activity and hydrocarbons
The generation of hydrocarbons by the contact of buried organic matter with hydrothermal waters is a relatively rare, but known phenomenon. The occurrence of hydrothermal petroleum has been documented in various locations worldwide, such as the Guaymas Basin (Peter et al., 1991) , Middle Valley and Escanaba Trough (NE Pacific Ocean) (Simoneit et al., 1992; Simoneit and Kvenvolden, 1994) , Kagoshima Bay (Japan) (Yamanaka et al., 2000) , Waiotapu region in New Zealand (Czochanska et al., 1986) , Uzon caldera (Kamchatka) (Bazhenova et al., 1998) , and Yellowstone National Park (Clifton et al., 1990 ).
Hydrothermal activity is well-known in northern Lake Tanganyika (Botz and Stoffers, 1993; Tiercelin et al., 1993b; Coussement et al., 1994; Pflumio et al., 1994) . Venting of hot water (65-80°C) is associated with the emission of CO 2 (60-90 % of total gas) (Botz and Stoffers, 1993; and hydrocarbon gas (C 1 to C 6 ), of which methane is the predominant fraction (68.76-98.87 %) (Botz and Stoffers, 1993) . The methane and light hydrocarbon gases are probably generated by both biogenic and thermocatalytic activity, similar to that documented in the hydrothermal emissions in Lake Kivu (Botz and Stoffers, 1993; Simoneit et al., 2000) . An active geothermal system is confirmed by the fluid geochemistry, including stable isotope analysis of CO 2 , that documents the interaction of the lake water with high-temperature magmatic volatiles (Botz and Stoffers, 1993; Pflumio et al., 1994; . Offshore from the Ubwari Peninsula the interaction between hydrothermal water and fine-grained, lacustrine sediment is evidenced by deuterium enrichment (Pflumio et al., 1994) .
Total Organic Carbon (TOC) within sediments of Lake Tanganyika can be up to 12 %, with values above 5-6 %TOC and up to 35 kg hydrocarbons/ton of rock generation potential in the eastern offshore of Ubwari Peninsula (Huc et al., 1990) . The sources of organic matter occurring within Pleistocene to present-day sediments consist mainly of bacterial (e.g. cyanobacteria) and algal (e.g. diatom) remains (Huc et al., 1990) .
The geochemical characterization of tar balls collected along the coast of Ubwari Peninsula and of Cape Kalumba oil indicate their generation from shallow-buried immature bacterial and algal kerogen deposited during the past 25 kyr (J. . Consequently, the hydrocarbon generation is constrained to a short maturation period that is strongly dependent on the invasion of the shallow sedimentary section by hot hydrothermal fluids. The brief exposure of immature organic matter to the elevated temperatures produced by the hydrothermal system is thus responsible for the generation of the oil (Simoneit et al., 2000; Tiercelin et al., 1992) . A time span of a few tens of thousands of years is thus identified for single-step petroleum generation caused by hydrothermal activity (Kvenvolden and Simoneit, 1990; Simoneit and Kvenvolden, 1994) . This differs significantly from that required for conventional thermal maturation of organic matter and petroleum migration during burial, which is orders of magnitude slower.
A pervasive network of migration pathways for hydrothermal water from basement units to the lake floor is necessary. Although geometry and spatial characteristics of the migration pathways are still poorly defined due to lack of suitable data, the fault systems imaged in the seismic lines, together with unresolved sub-seismic fractures, are likely inducing infiltration of hydrothermal fluids into the sedimentary succession.
Seeping oil is assumed not to have been significantly biodegraded (Simoneit et al., 2000) , which is indicative of its rapid rise from subsurface temperatures above 60 °C, below which accelerated biodegradation occurs. It is implicit that the areal extent of organic matter affected by hydrothermal maturation is large enough to sustain the seeps activity for more than a century.
Controls on seepage and oil slicks characteristics
Persistence of oil slicks through time is indicative of oil seepage (De Beukelaer et al., 2003; Jatiault et al., 2017; Körber et al., 2014; Orange et al., 2009 ) and the satellite data from Cape Kalumba in the period 2002 to 2009 prove this to be the case (Fig. 6) . This is hardly surprising given early geological records of oil and tar at this location (Nicolas, 1898) and more recent analyses of tar balls (Simoneit et al., 2000; . Persistence of oil slicks and OSOs are compelling evidence that the slicks relate to an active macro-seepage system and not to occasional emission events.
The East Ubwari Faults system coincides with a marked shallowing at the lacustrine margin where faults are mapped close to the lake-floor and sedimentary units thin and steepen shoreward (Fig. 7) . Evidence of the alignment of some OSOs at Cape Kalumba (2005, 2003 and 2008, Fig. 4 ) is likely to be associated with the spatial distribution of lake-floor seeps, specifically relating fractures or faults with the OSOs distribution. We interpret the fault zone as the main control on seeps location. Seeps are probably associated with multiple fractures from which oil is leaking simultaneously. This is supported by the observation of compositional differences in the seeps, which indicates the contribution of various seeps over an extensive area of the lake floor (Simoneit et al., 2000) . Similar fracture-seep relationships are characteristic of seepage sites worldwide (Miller and Nur, 2000; PlazaFaverola et al., 2014) . The fault system is also interpreted to control the origin of the PU and UA oil slicks documented to the north of the main seepage area, due to similarities in the subsurface setting and position of OSOs through time. Because not all OSOs are aligned and documented throughout the time span investigated they reflect a transient situation in the activity of individual seeps. It is implicit that dilation of the tectonic discontinuities that sustain seepage varies through time, which in turn relates to variations of pore-fluid pressure in the system and to the location and rate of flow from seeps (Miller and Nur, 2000; Plaza-Faverola et al., 2014) .
The geometry of sedimentary units suggest that the oil could migrate up-dip and laterally along the strata towards the basin margin, until it escapes from the strata termination on the border faults. This process may support the prolonged focused activity of the oil seeps, providing a continuous supply of oil from the surrounding areas. In fact, coring and high resolution seismic surveys in similar areas of the lake evidenced that the uppermost 100m of sediments have been deposited since the Late Pleistocene (Tiercelin et al., , 1992 , thus limiting the interval of the 25 kyr old source rock at Cape Kalumba to ca the upper 20m of sediment (if a constant sedimentation rate is assumed).
Although lake circulation adjacent to the Ubwari Peninsula may cause some offset between seepage and OSOs we assume that they approximately overlie lake-floor seeps due to the consistency of their location through time despite lake-current variability and seeps location above the major faults. In general, the spread of oil slicks on water surfaces is driven by shallow wind-driven currents. In Lake Tanganyika this type of current is sustained by persistent southeasterly trade winds throughout the dry season (June to August), which decrease in intensity during the rainy season (Docquier et al., 2016; Podsetchine and Huttula, 2000; Verburg and Hecky, 2003) . Along the coast, these trade winds combine with diurnal E-W breezes and upslope-downslope winds (Podsetchine and Huttula, 2000) . The wind regime in the northern sector of Lake Tanganyika controls the direction of surficial currents down to 50 m lake depth, with daily variations in wind direction (Podsetchine and Huttula, 2000) . Consequently, the dispersion of oil slicks on the lake surface corresponds to the interaction of two principal wind orientations, SE-NW and E-W. Some slicks are however dispersed southward (Fig. 5) , which indicates the occasional influence of localized currents probably generated by the coastal geomorphology. The occurrence of longshore currents is likely to be responsible for slicks that strand tar balls on the shores of the Ubwari Peninsula (Simoneit et al., 2000) . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 
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Seepage rates
Attempts to estimate the exact discharge rates from underwater seeps are still rudimentary and are complicated by the temporal variability of seepage. An estimation of the oil emission rate and volumes is obtained analysing the geometrical proprieties of slicks. The average slick thickness is ca. 0.1 µm (Macdonald et al., 1993; MacDonald et al., 2015) . Adopting a conservative approach to estimate the amount of oil discharged by the seeps in Lake Tanganyika, we assume that the slicks are uniformly distributed and have the average thickness of 0.1 µm. Unfortunately, the exact thickness of the singleindividual slicks cannot be determined from our SAR images.
The velocity of slick propagation is influenced by both wind and water current velocities, while the oil composition does not appear to have a significant role. Water current velocity attributable to wind is equal to ca. 3-4% the velocity of wind (Espedal and Twahl, 1999) , which in northern Lake Tanganyika averages 2-4 m s -1 between the dry and wet seasons (Docquier et al., 2016) . There are no data records of water current velocity in the lake. Assuming the wind is the only factor controlling the water movement, the estimated slick propagation velocity in this sector of the lake is a minimum of 0.09 m s -1 for a 3 m s -1 wind. Given the general velocity of slick propagation and slick length, estimates of the time needed for their formation are made. Thus, slicks at Cape Kalumba have a formation time that ranges between 2 and 79 hours, with most of the slick formation times below 30 hours (Table 1) .
By considering the thickness of the oil film and the areal extent of slicks, the amount of oil forming individual slicks is determined and ranges between 8.9 and 1900 litres (Table 1) . Relating the formation time to the volume of oil, minimum emission rates are derived ranging between 31.28 -449.39 m 3 y -1
. Despite being an approximate and conservative estimate, the average annual total seepage rate in the Cape Kalumba seeps is ca. 138. . This value is consistent with the estimated <1 m 3 d -1 oil seepage rate from individual seeps in the Gulf of Mexico, a major seepage province (MacDonald et al., 2015) , and slightly above the average in the South Caspian Basin (Zatyagalova et al., 2007) .
Average annual discharge rates are calculated by considering all the documented slicks (Table 2) . During the period 2003 to 2005 the rate of oil emission reduced by more than 50% with respect to 2002. In 2006 the amount of oil discharged increased again, reaching a peak in 2008, then lower again in 2009. These observations demonstrate the cyclic activity of seepage, with alternating periods of more intense seepage and quiescent periods, although more extensive and detailed data are necessary to confirm this. If confirmed, this seepage behaviour could represent alternating discharge and recharge cycles of the fluids accumulation in the subsurface, and fluctuations of the pressure regime, which in turn could regulate dilation and closing of the tectonic discontinuities that feed the seepage system. Similar behaviour has been widely documented in other seeps worldwide (Miller and Nur, 2000; Plaza-Faverola et al., 2014) .
Conclusions
The analysis of subsurface data and of multi-temporal SAR satellite images of the oil slicks offshore Cape Kalumba offers evidence of the geological setting regulating spontaneous oil seepage in Lake Tanganyika, and allows to estimate the oil seepage rate. Seepage activity is governed by the interplay of fractures along the East Ubwari Faults system, the flow of hot water within the hydrothermal circulation system and the generation of hydrocarbons in the shallowest tens of metres of sediment.
Notwithstanding the long-lasting activity and limited areal extent of Lake Tanganyika, the emission rates of the Cape Kalumba seeps are consistent with those of other individual oil seeps in globallysignificant provinces. The origin of the Cape Kalumba oil seeps points to a local petroleum system without accumulation capability. However, the Cape Kalumba seeps are an important feature in the framework of Lake Tanganyika and the other East African Rift lakes. Its occurrence indicates that rapid generation of unconventional hydrothermally derived petroleum may occur, and that this oil may accumulate in the source rock intervals and/or in traps without leaking, if the appropriate conditions are met. Because of the lack of extensive surveys of the deeper areas of Lake Tanganyika we cannot exclude the occurrence of similar sub-lacustrine hydrothermal systems elsewhere in the lake. In the context of petroleum exploration the Cape Kulumba seeps prove the presence of a high grade oil source rock and an active petroleum system. The downside is that if similar systems fed hydrocarbon traps the high temperature would cause rapid thermal degradation if close to the heat source.
Rift lakes of the EAR's western branch are predicted to have mature source rocks in the oil generation window. Consideration of the characterisation of mature oil source rocks should include the influence of possible hydrothermalism. For example, a persistent oil seep recognized in Lake Malawi, located south of Lake Tanganyika, may be either associated with a conventional petroleum system or to a nearby hydrothermal system. Investigation of the influence of the hydrothermal systems is fundamental to evaluation of hydrocarbon charge in future hydrocarbon exploration activity in settings similar to Lake Tanganyika. MANUSCRIPT   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Lezzar et al., 2002; Sander and Rosendahl, 1989) . (Bathymetry from Capart, 1949) . Km 30°30'0"E 30°20'0"E 30°10'0"E 30°0'0"E 29°50'0"E 29°40'0"E 29°30'0"E 29°20'0"E 29°10'0"E 29°0'0"E 28°50'0"E 28°40'0"E 28°30'0"E 28°20'0"E M A N U S C R I P T 
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